We combine data from two all-sky surveys in order to study the connection between the infrared and hard X-ray (> 10 keV) properties for local active galactic nuclei (AGN). The Swift/Burst Alert Telescope all-sky survey provides an unbiased, flux-limited selection of hard X-ray detected AGN. Cross-correlating the 22-month hard X-ray survey with the AKARI all-sky survey, we studied 158 AGN detected by the AKARI instruments. We find a strong correlation for most AGN between the infrared (9, 18, and 90 µm) and hard X-ray (14-195 keV) luminosities, and quantify the correlation for various subsamples of AGN. Partial correlation analysis confirms the intrinsic correlation after removing the redshift contribution. The correlation for radio galaxies has a slope and normalization identical to that for Seyfert 1s, implying similar hard X-ray/infrared emission processes in both. In contrast, Compton-thick sources show a large deficit in the hard X-ray band, because high gas column densities diminish even their hard X-ray luminosities. We propose two photometric diagnostics for source classification: one is an X-ray luminosity vs. infrared color diagram, in which type 1 radio-loud AGN are well isolated from the others in the sample. The other uses the X-ray vs. infrared color as a useful redshift-independent indicator for identifying Compton-thick AGN. Importantly, Comptonthick AGN and starburst galaxies in composite systems can also be differentiated in this plane based upon their hard X-ray fluxes and dust temperatures. This diagram may be useful as a new indicator to classify objects in new and upcoming surveys such as WISE and NuSTAR.
INTRODUCTION
Active galactic nuclei (AGN) emit broadband emission over the entire electromagnetic spectrum. Their typical spectral energy distributions (SEDs) display a strong infrared (IR) bump around 1-100 µm, where a significant portion of their power emerges (e.g., Antonucci 1993; Elitzur 2008 ). Its source is considered to be a pc-scale torus of dust and gas clouds, which is heated by radiation from the nucleus and reprocesses this power into the IR, at least for the majority of AGN which are not dominated by beamed emission from relativistic jets (e.g., Elitzur 2008 ). The nuclear X-ray emission from AGN is produced by Comptonization of the disk emission in a hot corona above an accretion disk (Sunyaev & Titarchuk 1980; Haardt & Maraschi 1993; Zezas et al. 1998) , again with a possible exception of jet-dominated sources.
It has been shown that there is a good linear correlation between the logarithms of the observed continuum emission in the mid-IR and the intrinsic soft X-ray (< 10 keV) band luminosities of local AGN, which appears to be largely independent of the amount of dust reddening (e.g., Krabbe et al. 2001; Lutz et al. 2004; Horst et al. 2006 Horst et al. , 2008 Gandhi et al. 2009 ; Levenson et al. 2009; Asmus et al. 2011 ). This
Electronic address: matsuta@astro.isas.jaxa.jp is not expected according to pioneering AGN dust torus models (Pier & Krolik 1993) , which assumed homogeneous and smooth dust distributions, because IR emission from the warm-inner clouds is expected to be dramatically scattered and reduced when viewed from an edge-on orientation. On the contrary, observations show a tight correlation with little scatter and no IR depletion, largely independent of orientation (which ought to correlate approximately with dust reddening) at all AGN luminosities. Under the torus paradigm, the correlation may be consistent with models having a clumpy obscuring geometry (e.g., Krolik & Begelman 1988; Dullemond & Dominik 2005; Hönig et al. 2006; Nenkova et al. 2008; Schartmann et al. 2008; , in which the inner torus regions can be visible even at edge-on orientations.
However, previous works are based on small and incomplete samples, with selection criteria biased towards bright sources visible in the mid-IR from the ground, or sources in which the intrinsic soft X-ray power could be determined. Below 10 keV, AGN spectra can require detailed modeling due to the presence of several components including the underlying AGN power law, obscuration, scattering, non-thermal emission of relativistic jets (in case of radio-loud sources), and eventually thermal emission of hot gaseous interstellar medium. Good quality X-ray spectroscopy is necessary to disentangle these. The intrinsic X-ray fluxes of Compton-thick (CT) AGN (N H > 10 24 cm −2 ), especially, are fully absorbed in soft X-ray band energies.
In this paper, our aim is to explore the X-ray vs. IR correlation using unbiased samples, and then define new and simple photometric diagnostics for AGN classification. We use the Swift/Burst Alert Telescope (BAT) hard X-ray (> 10 keV) survey as the base AGN selection catalog. The hard X-ray energy band is rather insensitive to the intervening column density up to mildly CT columns. The survey reflects the intrinsic luminosity of the source and provides samples largely unbiased by obscuration. We use the Swift/BAT 22-month Source Catalog herein (Tueller et al. 2010) . Several recent works explored the connection of hard X-rays with near-IR powers and with mid-IR emission line properties (e.g., Mushotzky et al. 2008; Diamond-Stanic et al. 2009; Rigby et al. 2009; Weaver et al. 2010 ), but correlation with an all-sky mid-IR survey at high angular resolution is still lacking.
High angular resolution is crucial in order to properly separate AGN from stellar emission in the IR (e.g., Gandhi et al. 2009; Horst et al. 2009; Vasudevan et al. 2010; Mullaney et al. 2011) . For many years, IRAS provided the most complete all-sky survey (Joint IRAS Science 1994), but with an angular resolution only of order arcmins. The AKARI satellite (Murakami et al. 2007 ) has now completed its allsky survey which is several times more sensitive than IRAS, and at a much higher angular resolution of order arcsecs, (7 ′′ and 48 ′′ for the mid-and far-IR instruments, respectively). The AKARI survey thus provides the best IR sample for cross-correlation with Swift AGN. We use data available in the AKARI Point Source Catalogs (AKARI/PSC; Ishihara et al. 2010; Yamamura et al. 2010 ) over a range of wavelengths from 9-160 µm. Although AKARI's angular resolution is lower than large ground telescopes (e.g., the diffraction limit of the Very Large Telescope/VISIR ∼ 0.3 ′′ in the N-band), our study has the capability of probing predominantly nuclear emission in the mid-IR (in addition to hard X-rays). This is because torus emission typically dominates over nuclear stellar emission in AGN host galaxies in the wavelength regime of 10-20 µm (e.g., Mor et al. 2009 ).
The completeness of the base samples (largely unbiased by obscuration) allows us to examine and design various color correlation plots using the hard X-ray and IR powers which can be useful for source classification in blind surveys. Such diagnostics can be particularly powerful if they are redshift independent and can be shown to hold when redshift K-correction is accounted for. We propose one such color-color diagnostic, and show that it also provides the capability of distinguishing starbursts from CT AGN. This has been an important problem for many years because star formation and obscured accretion activity often occur together in composite systems (cf. the well known 'starburst-AGN connection'; e.g., González Delgado et al. 1998; Genzel et al. 1998; Schweitzer et al. 2006; Sanders & Mirabel 1996; Genzel et al. 1998; Malkan et al. 1998; Imanishi et al. 2007 ). The observed soft X-ray and IR appearance is not easily distinguishable in these cases. Our hard X-ray selection now allows us to do this. The simple photometric diagnostics can be useful tools for new and upcoming hard X-ray surveys with NuSTAR, ASTRO-H and in the IR with WISE.
This paper is organized as follows. In section 2, we present details of the sample selection and catalog crossmatching. Section 3 shows the main results regarding the hard X-ray and IR luminosity correlation and its statistics. Section 4 discusses the implications of the results and provides new diagnostic plots for AGN classification. Section 5 lists the main conclusions. This work is closely related to that of Ichikawa et al. (2012) , in which the relation between the IR/X-ray spectra of Seyferts and new type AGN are studied by using the Swift/BAT 9-month AGN Catalog ) and the AKARI/PSC complemented by those with IRAS and WISE to ensure high completeness of cross identification. The larger 22-month BAT sample used as the starting catalog for the present work includes several heavily CT AGN and radio-loud (RL) sources, and we are able to compare the regions occupied by these various AGN classes in the luminosity correlation plane. We also provide detailed statistical tests and correlation fits, and construct AGN photometric classification plots.
A flat Universe with a Hubble constant H 0 = 71 km s −1 Mpc −1 , Ω Λ = 0.73 and Ω M = 0.27 is assumed throughout this paper.
DATA SELECTION
We used the following two all-sky survey catalogs to study the correlation in a complete, flux-limited sample and examine the luminosity correlation between the observed IR and hard X-ray bands of local AGN (z < 0.1); the Swift/BAT 22-month Source Catalog and the AKARI/PSC.
The Swift/BAT 22-month Source Catalog
The prime objective of the Swift/BAT is the study of gamma-ray bursts, covering the hard X-ray band of 14-195 keV. In the 22-month BAT catalog, the total source count is 461 (above a significance of 4.8σ), of which 268 (58%) are AGN. The catalog includes source information of optical counterpart position, X-ray flux, flux error, luminosity, redshift, and AGN type. We adopted the position of the optical counterpart as the source position. The counterpart position error is usually less than 4 ′′ . The detection limit of the catalog is 2.3 × 10 −11 erg cm −2 s −1 (for 50% sky coverage). The faintest source included in the catalog has F 14−195 keV = 0.28 × 10 −11 erg cm −2 s −1 . Although progressively-deeper BAT catalogs are becoming available (e.g., Cusumano et al. 2010) , the flux limit of the AKARI all sky survey is well-matched for detection of a large fraction of the 22-month X-ray catalog in the infrared, as we show below. Thus, we have restricted ourselves to the 22-month sample for AGN analysis in the present work. We refer to deeper samples only with regard to X-ray emission from starbursts in Section 4.4.3.
The Swift/BAT survey produces a long-term average flux, so variability is expected to be partially smoothed over, as compared to large stochastic fluctuations on weekly or monthly timescales. We defined a minimum flux error of 10%, in order to account for low-order long term variations.
We adopted the spectroscopic AGN types from the BAT catalog for most sources, but for some AGN we checked other works because these source classifications are ambiguous [NGC 235A, NGC 612, ESO 549-G049, NGC 3998, WKK 1263, 4C 50.55, and 3C 445, Véron-Cetty & Véron (2010) ; NGC 4945, Moorwood et al. (1996) ; NGC 4992, Bodaghee et al. (2007) ; Circinus Galaxy, Matt et al. (2000) ; 3C 345, Unwin et al. (1997) ]. We excluded AGN defined as 'confused and confusing with nearby sources' in the BAT catalog. Finally, we identified all radio-loud AGN in the combined sample, including type 1 objects such as broadline radio galaxies and blazars correctly recognized in the BAT classification, and also type 2 sources including narrow-line radio galaxies and low-power FR I radio galaxies which in the BAT catalog are classified simply as Seyfert galaxies (or LINERs) based solely on the characteristics of their optical spectra and regardless of their radio properties.
2.2. The AKARI Point Source Catalogs AKARI has two instruments; the Infrared Camera (IRC) and the Far-infrared Surveyor (FIS). The IRC band centers are 9 and 18 µm, and the FIS band centers are 65, 90, 140, and 160 µm. The AKARI/PSC contains the positions and fluxes of 870,973 (IRC) and 427,071 (FIS) sources. In the AKARI/PSC, the IRC 80% flux completeness limits are 0.12 and 0.22 Jy, respectively. Also, the FIS 80% completeness corresponds to 3.3, 0.43, 3.6, and 8.2 Jy, respectively. The FIS may be incomplete or show a larger flux error due to detector saturation for sources brighter than ∼ 100 Jy. The angular resolution is 7 ′′ (IRC) and 48 ′′ (FIS), respectively. In the AKARI/PSC, there is a quality flag, FQUAL, par band. This flag is a four-level (3-0) flux quality indicator, and the AKARI team recommends using only sources with FQUAL = 3 for secure scientific analysis. Although sources with FQUAL = 2 or 1 may have flux values reported (Yamamura et al. 2010) , we used only sources that are confirmed and described by the quality flag FQUAL= 3, indicating a high reliability of detection and flux accuracy.
Source identification
We searched for IR counterparts within a 10 ′′ radius for the IRC, and 20 ′′ radius for the FIS around the position of every optical counterpart listed in the BAT catalog using the AKARI Catalog Archive Server (CAS; Yamauchi et al. 2011) , which provides user interfaces to search and obtain AKARI/PSC information. We adopted these search radii based upon the ∼ 3σ position uncertainties for each of the AKARI/PSC.
We concentrated on three AKARI IR bands (9, 18, and 90 µm) throughout this paper because other FIS bands have poorer sensitivities. We summarized the selected source parameters (name, IR fluxes, X-ray luminosity, redshift, AGN type) in Table 1 . Additionally, we summarized the total sample statistics for the three AKARI bands in Table 2 . For the 268 AGN included in the BAT catalog, 158 AGN (∼ 59%) are detected in at least one of the IRC and FIS bands (111 in 9 µm; 129 in 18 µm; 113 in 90 µm). These 158 AGN are classified into 81 Seyfert 1 (Sy1) type AGN (∼ 51%, including Seyfert 1, 1.2, and 1.5), 67 Seyfert 2 (Sy2) type AGN (∼ 42%, including Seyfert 1.8, 1.9, and 2), 4 Low-ionization nuclear emission-line regions (LINERs; ∼ 3%), and 6 blazars (∼ 4%). Four blazars are flat-spectrum radio quasars (FSRQs), and two are BL Lac objects.
For the purpose of investigating the IR vs. hard X-ray luminosity correlation for various classes of objects, we divide our sample into the following ten categories:
1. "All" 2. "All, ex CT" 3. "Sy1" 4. "Sy1, ex RL" 5. "Sy2" 6. "Sy2, ex CT" 7. "CT" 8. "RL" 9. "Blazar" 10. "RL + Blazar". "All" contains all sources detected by the AKARI and Swift/BAT. "All, ex CT" excludes CT AGN from "All". "CT" is defined as sources obscured by a gas column density N H ≥ 1.5 × 10 24 cm −2 as measured from X-ray spectroscopy. "Sy1" combines type 1 AGN including radioquiet objects (Seyferts) and radio-loud sources such as broad-line radio galaxies (BLRGs) and quasars. "Sy1, ex RL" excludes RL AGN from "Sy1". "Sy2" combines type 2 AGN including CT objects, radio quiet Seyferts, and radio-loud sources such as narrow-line radio galaxies and low-power FR I radio galaxies. "Sy2, ex CT" excludes CT AGN from "Sy2". "RL" combines all radioloud AGN in the sample except of blazars, i.e., all radio galaxies of different morphological and spectral types. "Blazar" combines FSRQs and BL Lacs. Finally, "RL + Blazar" merges the two radio loud subsamples.
The criterion of classification as a RL (non-blazar) AGN is that the radio luminosity density at 5 GHz is at least 10 32 erg s −1 Hz −1 and the radio to optical B-band flux density ratio (R B ) satisfies log R B ≥ 1 (Kellermann et al. 1989; Xu et al. 1999; Molina et al. 2008) . RL objects are identified in the final column of Table 1 . This list includes 3C and 4C sources from the Cambridge catalogs of radio galaxies, as well as other famous RL sources such as Cen A.
A few additional objects were also identified as RL based on a detailed inspection of the available data and literature. NGC 1052 is a Gigahertz-peaked spectrum (GPS) source, with a spectral peak at 10 GHz (Vermeulen et al. 2003) . Although the 5 GHz power is lower than the RL classification threshold, this source displays strong parsec-scale radio emission probably related to newly born jets, and is classified as RL.
[HB89]1821+643 is a peculiar radio source, lying at the boundary of the radio-quiet/radio-loud divide (Blundell & Rawlings 2001) . The source is a highly luminous quasar in X-rays (L X > 1 × 10 47 erg s −1 ; Russell et al. 2010 ) and lies at the center of a massive galaxy cluster. It shows an FR I like radio morphology (Blundell & Rawlings 2001 (Molina et al. 2008) and Mrk 1501 (Barvainis et al. 2005) .
There are several narrow-line Seyfert 1s (NLS1s) in the sample, but these are not distinguishable from the other Seyferts so we do not treat them separately. Figure 1 shows the redshift distribution of the Swift/BAT AGN, split into the classes of AKARIdetected or non-detected objects. The median redshift of the detected sources (z med ) is ≈ 0.0222, so most are local AGN. There are only 8/158 sources (5%) with z > 0.1. The detected source with the maximum redshift is 3C 454.3 (z max ≈ 0.8590). The low-z population is dominated by "regular" (radio-quiet) Seyferts, while the high-z population is made mostly from radio-loud AGN (blazars, luminous radio galaxies). The z med for those not detected in any band is z med ≈ 0.0517. Figure 2 shows the hard X-ray flux distribution of the Swift/BAT AGN. The X-ray fluxes of the AKARI detected sources are higher than the non-detected sources on average. The median X-ray fluxes of the AKARI detected/non-detected sources are 5.07/3.38, 4.70/3.36, and 4.70/3.45 × 10 −11 erg cm −2 s −1 in 9, 18, and 90 µm, respectively.
RESULTS

Redshift, Flux distribution and Completeness
Our cross-correlation between the all-sky X-ray and IR samples is about 60% complete, with the X-ray sources non-detected in the IR being fainter than the detected ones, on average. It has been shown by Ichikawa et al. (2012) that supplementing the AKARI data with the deeper WISE samples maintains the luminosity correlation. Overall, none of the statistical inferences presented in the sections below should be affected by incompleteness of the cross-matching. Figure 3 shows the luminosity correlation for the detected sources between hard X-ray (14-195 keV) and IR (9, 18, and 90 µm) bands. We find that there is a strong linear correlation for most AGN between the logarithms of the observed IR and hard X-ray luminosities over four orders of magnitude. Here, we calculated the absolute luminosities by using the redshift listed in the BAT catalog (Tueller et al. 2010) . In principle, K-correction may become important for high-z objects, e.g., blazars. Our samples are mainly local AGN, but blazars (z = 0.0533-0.8590) are also included. If we apply K-correction to AGN at z ∼ 0.9, the maximum effect for L X is ∼ 10% assuming a power law spectrum with a photon index of Γ ∼ 1.9, which is a typical value for the majority of AGN in our sample. This is a small effect especially when comparing logarithmic luminosities, so we did not apply any K-corrections.
Hard X-ray to IR luminosity correlation
We tested the luminosity correlation by using the algorithm of Isobe et al. (1990) , which is used when the nature of the scatter of points in a correlation is ill understood. We computed the linear regression coefficients by one of the methods of the algorithm, "OLS bisector", recommended if the goal is to determine the functional relation between the two axes. The formula is given by
where L IR and L X are observed luminosities in IR (9, 18, and 90 µm) and hard X-ray (14-195 keV). The variables a and b are the intercept and slope of the fitting result, respectively. At 9 µm, the luminosity correlation of the subsample "Sy1" is described as log λL 9µm 10 43 erg s −1 = (0.15 ± 0.05)
The fit parameters for other bands are listed in Table 3 , and are plotted in Figure 3 along with the 1σ and 2σ uncertainties on the correlation normalization. Also, we summarize the fitting results with respect to various subsamples in Table 3 .
We checked two correlation coefficients for every subsample, the Spearman's Rank correlation coefficient (ρ) and the partial correlation coefficient (ρ ·z ). The ρ and ρ ·z correlation tests return values in the interval [-1.0, 1.0]. The ρ ·z statistic is especially important because artificial correlations between luminosities may be induced in a flux limited-sample even in the absence of any intrinsic correlation, but the partial correlation coefficient can account for this by excluding the effect of redshift. A large value implies a significant positive, linear correlation. These test coefficients values are also listed in Table 3 .
"Blazar" and "RL + Blazar" typically show very high values of ρ and ρ ·z in all three AKARI bands. But only a handful of objects included in both subsamples are among the most luminous and distant sources in the entire sample considered, so the correlation results for these may be biased by small number statistics and flux limits. The ρ and ρ ·z = 1 values in these cases must be treated with caution. The other subsamples with the highest values of ρ and ρ ·z are the "Sy1" and "All, ex CT" subsamples. "Sy2" also show a correlation, if CT sources are excluded, though somewhat weaker than "Sy1". CT sources will be discussed separately in section 4.2. The correlation coefficients generally decrease towards longer IR wavelengths.
DISCUSSION
4.1. Mid-infrared to hard X-ray correlation for Seyfert AGN Based upon a detailed comparison of the complete, flux-limited AKARI and Swift/BAT all-sky surveys, we have found a good linear correlation for Seyfert AGN between the logarithms of the observed mid-IR and hard Xray luminosities over four orders of magnitude ( Figure 3 ). The correlation persists despite the fact that no corrections have been performed for obscuration or reddening, nor for any contamination by host galaxy emission. The selected surveys thus provide insight into the nature of mid-IR and X-ray populations of sources selected from all-sky data in a completely unbiased fashion. Statistical tests accounting for redshift effects show that there is definite intrinsic correlation in the two energies for various classes of AGN.
Hard X-ray emission is produced very near the black hole. The soft-to-hard X-ray emission of Seyfert AGN is produced by successive Compton scatterings of the thermal UV photons emitted by accretion disks in hot, most likely patchy coronae formed above the disks (e.g., Haardt & Maraschi 1993) . The high-energy disk and corona emission also heat dusty tori located at further distances from the centers, where the nuclear UV-to-Xray continuum is re-processed into the thermal IR photons. It is widely accepted that the observed radiative output of Seyfert galaxies at mid-IR frequencies is dominated by the torus emission, which, at least in the case of unobscured (type 1) sources, may even extend up to the near-IR range due to the hot dust located near the dust sublimation radius at the outer edge of the accretion disk (e.g., Elitzur 2008) . In this scenario, our result of the good linear correlation for Seyfert AGN between the observed mid-IR and hard X-ray represents well the view of the unified schemes for Seyfert AGN (Antonucci 1993) .
The best-fit correlation lines for Sy1s (where we have a direct view of the nuclear regions in both X-rays and IR) are plotted in Figure 3 and are used as the benchmark for comparison again among various source classes in the following sections. It is important to note that the correlation when fitting to the sample of "All" AGN, is quite similar to the benchmark "Sy1" sample, which means that these correlations provide an easy route for conversion between IR and hard X-ray powers irrespective of source class. If the type of some newly-identified AGN were not known, direct use of the best fit parameters for the "All" sample could still be used to convert between X-ray and IR powers, to within the accuracy provided by the correlation scatter.
The dispersion in these correlations is ∼0.3-0.5 dex (cf. σ r values in Table 3 ). The strength of the correlation decreases towards longer wavelengths (lower ρ and ρ ·z ) in conjunction with increasing σ r values. This may be explained by an increasing host galaxy contribution with wavelength, resulting in a large IR spread.
It should be noted that although dominated by torus emission in the mid-IR, AKARI's beam will encompass a stronger host galaxy contribution as opposed to observations with large ground-based telescopes. This manifests itself as slightly flatter best-fit correlation slopes as compared to the previously-measured correlation using VLT data by Gandhi et al. (2009, with the caveat that their sample was much smaller). The slopes we now find for the non-CT radio quiet Seyferts in Table 3 range over b (9 µm) ≈ 0.92-0.99, as compared to the previously measured value of b = 1.02 using the same OLS bisector fit statistic. The host galaxy contribution is relatively stronger for lower luminosity AGN, as a result of which their total observed AKARI fluxes are systematically biased towards the right (to higher IR powers) in Figure 3 , thus flattening the correlation (Vasudevan et al. 2010; Mullaney et al. 2011 ). The effect is small at luminosities of L X > 10 43 erg s −1 and above where most of the BAT AGN lie (see, e.g., Eq. 1 of Vasudevan et al. 2010) , hence the marginal difference in slopes. We do not subtract any star formation contribution here because this introduces model dependencies, and our aim is to define the correlation properties and source classification diagnostics in observed space, such that they may be useful for future surveys for unclassified objects. Ideally, an allsky infrared survey with 8-10 m telescopes ought to be carried out in the near future; this would combine the best angular resolution with complete sample selection.
In summary, a significant correlation is observed between the hard X-ray and various IR bands for Sy1 and Sy2. The correlation is intrinsic to the source fluxes and is a useful empirical tool for converting between the two energies.
4.2. Mid-infrared to hard X-ray correlation for Compton-thick AGN The only class of AGN which does not show any correlation between the two bands is that of CT AGN, with ρ ·z values near zero (Table 3) . Including CT sources within the class of "Sy2" results in a decrease of the Sy2 correlation as well. We referred to Table 8 .1 in Comastri (2004) and other recent results about CT AGN, preferring those based upon observations carried out above 10 keV with BeppoSAX, Suzaku, and Swift/BAT. We identified nine CT AGN from our sample. Their properties and relevant literature are listed in Table 4 . Gandhi et al. (2009) showed that the mid-IR-to-X-ray correlation for CT AGN is almost indistinguishable from that of typical Seyferts, when the X-ray luminosities are corrected for obscuration. The difference here is that we are using observed hard X-ray fluxes and converting them to luminosities without absorption-correction. While absorption does not affect the Swift/BAT energy band for Compton-thin column densities, down scattering does deplete hard X-ray photons when the column becomes CT (e.g., Ikeda et al. 2009 ). Our sample contains a range of obscuring column densities, including one AGN with an extreme column of N H > 10 25 cm −2
(the CT sources are listed in Table 4 ). This leads to an absence of any correlation for our relatively-small sample of CT AGN. As we discuss in the next section, the hard X-ray deficit is useful for isolating CT sources.
4.3. Mid-infrared to hard X-ray correlation for radio-loud AGN 4.3.1. Radio-loud AGN RL AGN follow a good linear correlation between the logarithms of mid-IR and hard X-ray luminosities (Figure 3) . A correlation is also present in flux-flux space as seen by the high ρ ·z (= 0.89) for the "RL" sample in Table 3 in all three AKARI bands. The correlation slopes of the RL sample match those of Sy 1s within 1σ uncertainties. The above similarity suggests that the hard X-ray and IR emission processes of RL AGN are similar to Seyferts. RL AGN probed by Swift/BAT lie at higher redshifts than Seyferts (z med ≈ 0.052/0.019). But their flux distributions, and in particular, the infraredto-X-ray flux ratios, are very similar to Seyferts (R med = 1.0 ± 0.1/1.2 ± 0.2), where R = flux 9µm /flux X−ray .
The scatter in the correlation, on the other hand, is larger for the RL sample in all bands. This can be seen in Figure 3 as resulting from a few outliers. In all bands, the sources with the largest offset towards higher X-ray luminosities (i.e., those lying above the correlation) are type 1 RL AGN or blazar sources. The sources that lie above the 2σ uncertainty of the luminosity correlation for "Sy1" are radio galaxies with particularly powerful jets 3C 111.0, 4C 50.55, and radio-loud quasar 3C 273 in 9, 18, and 90 µm, respectively.
The origin of the broadband emission of radio galaxies is a matter of considerable debate. With regard to the origin of X-ray emission, Evans et al. (2006) demonstrate that both accretion and jet-related components may be present in all radio galaxy nuclei, with the larger contribution of accretion in more luminous population and vice-versa. Hardcastle et al. (2009) found a good correlation between mid-IR (15 µm, Spitzer) and accretionrelated X-ray luminosities (in 2-10 keV, Chandra and XMM-Newton bands) in their sample of 135 radio galaxies. This suggests that the mid-IR emission is mainly from dusty torus and is not strongly affected by jet beaming, especially in the case of luminous sources with intrinsic X-ray powers above ∼ 10 43 erg s −1 similar to the range of luminosities that we are probing. This is also supported by mid-IR spectroscopic analysis of luminous RL AGN (Leipski et al. 2010) , and finally, is also borne out by the similar mid-IR appearance of radio-quiet and radio-loud quasars in the composite spectra assembled by Elvis et al. (1994) . Hardcastle et al. (2009) did note that quasars and BLRG in their sample tended to have higher X-ray luminosities than the low-power radio galaxies of similar IR luminosity, suggesting that the X-ray powers of brighter sources can be more severely contaminated by jet emission. Our observed outliers appear to show similar X-ray excesses, so we examined published detailed X-ray spectroscopic results for these AGN to gain further insight. The X-ray spectra of 3C 111.0 obtained with Suzaku indeed showed jet dominant component in the hard X-ray band, as found by Ballo et al. (2011) . On the other hand, in the broadband X-ray spectra of 4C 50.55 determined by Suzaku and Swift/BAT data, there is little jet contribution to hot coronal Comptonization (Tazaki et al. 2010) . 3C 273 will be discussed in the next section. It is interesting to note that both 3C 111.0 and 4C 50.55 belong to the class of BLRG, which was the only class for which Sambruna et al. (1999) identified some systematic differences in X-ray spectral slope (albeit weak) with respect to radio quiet AGN. On the other hand, other BLRGs such as 3C 120 (Kataoka et al. 2007) are not largely offset from our correlation.
In summary, we lack conclusive evidence of any strong and systematic differences for our RL samples as a whole, though some jet contribution (and related excess variability) may explain slight offsets in the IR-X-ray correlation plane for some objects. In any case, RL sources join on to the luminous end of the sample of Seyferts and extend the observed correlation in that regime.
Blazars
The broadband spectra of blazars are thought to be dominated by non-thermal emission from their relativistic jets (Bregman 1990; Fossati et al. 1998) . The IR regime of FSRQs is mainly synchrotron radiation, and hard X-rays are from the inverse-Compton scattering of soft target photons produced either within the jet (synchrotron self-Compton process) or external to the jet (e.g., within the broad emission line region or dusty tori). In the case of low-power BL Lacs, X-rays are typically dominated by the high-energy tail of the synchrotron continuum. Such "high frequency-peaked" BL Lacs are however absent in our BAT/AKARI sample. Other components including accretion disk and host galaxy emission are present in most sources at a weaker level (e.g., Abdo et al. 2010 ). Whether or not a torus contributes to the IR emission is debated, but it is generally found to be present more often in luminous FSRQ sources than in BL Lac (e.g., Malmrose et al. 2011; Plotkin et al. 2011 ).
Our blazar sample contains four FSRQs and two BL Lac. Although the sample size is small, we find high values for partial correlation coefficients between the IR and hard X-ray fluxes for blazars (ρ ·z ≈ 0.8 − 0.9 in 9 and 18 µm; see Table 3 ). This is expected if the various synchrotron and inverse Compton components are intrinsically correlated. On the other hand, the apparent observation from Figure 3 that blazars extend the Sy1 correlation is likely to be a coincidence. This is because the correlation implies a near 1:1 absolute normalization (i.e., mid-IR luminosities are very similar to the hard Xray powers), which may be explained according to the 'blazar sequence' of Fossati et al. (1998) . Figure 12 of their work shows that the AKARI (9 µm) and Swift/BAT (14-195 keV) bandpasses sample similar power levels at all luminosities, to within a factor of a few at most. Furthermore, Malmquist bias certainly contributes to the luminosity-to-luminosity correlation in flux-limited samples for objects spanning a limited flux range but a large redshift range (e.g., Antonucci 2011), which is true in the case of BAT-selected blazars. A larger flux range needs to be sampled before detailed conclusions on the origin and validity of the correlation for blazars may be drawn.
Amongst blazars, the FSRQ 3C 273 shows the strongest mismatch between the observed hard Xray and IR powers (lying on or well above the 2σ Sy correlation lines in Figure 3 ).
This object is known to show strong multi-component variability (e.g., Courvoisier et al. 1987) , which may account for its position in the IR-to X-ray plane.
In summary, results from the above two sections imply that our IR-to-X-ray correlation may be used to predict and convert between the mid-IR and hard X-ray powers of RL AGN, in addition to Seyferts. The hard X-ray/IRbrightest blazars included in our flux-limited sample happen to lie along this correlation as well, which is likely to be a coincidence and not an indication for the presence of dust. Thus, the IR vs. X-ray correlation is a useful empirical tool irrespective of the underlying emission physics. This is confirmed by the fact that when we gather all Compton-thin AGN together, irrespective of radio classification, large positive values of ρ ·z are found (see "All, ex CT" subsample in Table 3 ).
Photometric diagnostics for source classification
Photometric diagnostics for identifying various source classes (e.g., by using observed power or flux ratios between various bands) can be simple and powerful observational tools. Unbiased all-sky surveys such as ours are ideal for testing various classification schemes, which may be applied to large blind surveys, and we have carried out such a search. The IR-to-X-ray correlations for Sy1, Sy2, and LINERs closely match each other Asmus et al. 2011) . Here, we investigate to what extent Seyferts, RL AGN, and CT sources may be separated using the mid-IR and hard X-ray correlations.
Radio-loud AGN
As already mentioned, RL AGN (and blazars, with the aforementioned caveats) follow the same correlation as Seyferts in Figure 3 . But these sources lie at the high luminosity end on both axes. RL AGN can also be separated by using a luminosity vs. flux ratio (L X vs. λL λ(9µm) /λL λ(90µm) ) plot, equivalent to an absolute magnitude vs. color diagram. The result is shown in Figure 4 . Non-detected RL AGN were included by using IRC 9 µm and FIS 90 µm detection limits of 0.12 and 0.55 Jy, respectively.
Most Seyferts show a large spread in the mid-IR-to-far-IR ratio with an average value of λL λ(9µm) /λL λ(90µm) = 1.03. Type 1 RL AGN and blazars, on the other hand, occupy the region of high hard X-ray emission and high mid-IR-to-far-IR ratio as compared to other AGN types. Using approximate boundaries of log L X > 44.3 and λL λ(9µm) /λL λ(90µm) > 1 for the box shown in the figure, we find that all type 1 RL AGN and blazars lie in this region, i.e., selection is 100% complete. On the other hand, the box also contains a few (2/16) sources that are neither type 1 RL AGN nor blazars, i.e., selection is 88% reliable. If we classify [HB89]0241+622 and [HB89]1821+643 as radio-quiet (see discussion in section 2.3), the reliability drops to 75%.
On the other hand, type 2 RL AGN are not clearly separated in this figure. In particular, they show a lower ratio of the mid-to far-IR powers on the ordinates-tothe median values for λL λ(9µm) /λL λ(90µm) for type 1 RL and type 2 RL are 0.31 and -0.11, respectively. This trend is also seen in the case of the radio-quiet sources (RQ), with the corresponding ratios being 0.16 and -0.16 for type 1 RQ and type 2 RQ, respectively. This trend cannot arise from optically-thick tori in Sy2 being preferentially 'colder' in the infrared. If this were so, then Sy2 would also be offset towards lower 9 µm-to-X-ray flux ratios in the IR-to-X-ray correlations. Instead, this trend probably arises because Sy2 have lower intrinsic accretion (X-ray) luminosities as compared to Sy1 on average (Winter et al. 2009 ), as well as a relatively stronger 90 µm contribution from dust in the host galaxy (Malkan et al. 1998 ). These two facts push down the 9 µm fluxes for Sy2 and boost their 90 µm fluxes, resulting in the observed trend.
With regard to the fact that blazars occupy the top right of Figure 4 , an x-axis mid-to-far-IR luminosity ratio greater than 1 means that their jet synchrotron peaks must lie in the mid-IR or higher frequencies and not the far-IR or lower frequencies. This is interestingly consistent with the recent study of bright blazars detected at GeV photon energies by Fermi/LAT (Abdo et al. 2010) , where no source with the synchrotron continuum peaked at far-IR or lower frequencies was found. Further investigation is beyond the scope of this paper and is left to future work.
Finally, it is seen from Figure 4 that there are no luminous X-ray sources with a mid-IR-to-far-IR ratio of less than 1 occupying the top left of the diagram. Type 2 quasars with powerful X-ray emission and bright host galaxies probably occupy this region, but these are known to be elusive and absent in the local universe (e.g., Zakamska et al. 2003; Gandhi et al. 2004 Gandhi et al. , 2006 . We also note that we would not have selected sources that are below the AKARI detection limit in both 9 and 90 µm. Since our sample contains very few blazars, a selection bias where we miss such sources cannot be ruled out.
In summary, Figure 4 is helpful for isolating type 1 RL AGN and blazars. Using color and luminosity information we can isolate type 1 RL AGN with high reliability, but this requires knowledge of source redshift.
Compton-thick AGN
Outliers in the correlation plots of Figure 3 , which lie below the correlation for "Sy1", are mostly CT AGN. Their average L X /λL λ(9µm) ratio is 0.11, as compared to 0.71 for Sy1. When generating such correlation plots, it is important to use the observed X-ray flux for identifying CT AGN because of the hard X-ray deficit due to Compton down-scattering (Sec. 4.2).
The average values of the X-ray-to-IR ratios for other AKARI bands are L X /λL λ(18µm) = 0.08 and L X /λL λ(90µm) = 0.03. Copious star formation often accompanies obscured AGN activity and several of the CT AGN lie in composite systems also classified as starburst galaxies (e.g., NGC 6240, Circinus Galaxy, NGC 4945. See Table 4 ). The 90 µm to X-ray ratio for CT AGN is large because of an excess far-IR contribution due to bright star formation in the host galaxy (see also Figure 3) .
Distinguishing between Compton-thick AGN and Starburst galaxies
The difficulty of distinguishing heavily obscured AGN in composite systems from pure starburst galaxies has been an important problem for many decades (e.g., Genzel et al. 1998; González Delgado et al. 1998; Schweitzer et al. 2006 ). X-ray information only below 10 keV has been used in most surveys so far. But the observed X-ray fluxes for both these classes of sources in this band are low as compared to their observed IR fluxes. Thus, such sources are often indistinguishable photometrically. High excitation mid-IR forbidden lines and PAHs can separate the two (e.g., Laurent et al. 2000; Sturm et al. 2002; Dale et al. 2006; Goulding & Alexander 2009; Weaver et al. 2010) , if spectroscopic data are available.
We now have new information available from the hard X-ray band above 10 keV. We investigate whether the information is useful for source classification. We checked the hard X-ray emission of starburst galaxies. There is no starburst galaxy detected in the 22-month BAT catalog, so we have extended our search to the 54-month BAT catalog (Cusumano et al. 2010 ) for this purpose. The detection limits of the 54-month catalog are 1.0×10 −11 (|b| < 10
• ) and 9.2×10 −12 erg cm −2 s −1 (|b| > 10 • ), respectively. M82 is the only "pure" starburst galaxy detected in this catalog.
Though only one starburst galaxy is detected, hard X-ray predictions on other well-known sources turn out to be interesting for our purpose of comparison with AGN. We picked up two famous "pure" starburst galaxies (NGC 253, Arp 220), and other four "pure" starburst galaxies (NGC 2146, NGC 3256, NGC 3310, and NGC 7714) listed in Brandl et al. (2006) , which are all detected in X-rays below 10 keV. We computed hard Xray flux estimates for these 6 objects by using their observed 2-10 keV fluxes under the two different assumptions of non-thermal and thermal radiation models (The results are listed in Table 5 ). These correspond to the emission expected from point sources like X-ray binaries and diffuse thermal gas, respectively (Persic & Rephaeli 2002) . The non-thermal model is based upon the observation of star-forming galaxies in the Hubble Deep Field with an average 2-10 keV X-ray spectral slope (photon index Γ = 2.1; Ranalli et al. 2003 ). The thermal model (7 keV APEC) is based on the XMM-Newton observation of the central region of M82 (Ranalli et al. 2008) . Similar starburst-related hot gas bubbles have also been found in Arp 220 (Iwasawa et al. 2005 ) and NGC 253 (Pietsch et al. 2001) .
Because M82 and NGC 253 are very bright in the IR (≥ 100 Jy), the AKARI detectors may cause saturation and the flux could have larger uncertainty (Yamamura et al. 2010) . The FIS 90 µm fluxes of these two sources are not reliable (FQUAL = 1), and there is no IRC 9 µm flux available for M82 in the all-sky survey. Therefore we applied the results of the AKARI pointed observation data for M82 (Kaneda et al. 2010 ) and NGC 253 (Kaneda et al. 2009 ). In these observations, the IRC and FIS were operated in special observation mode, which is used to observe bright sky regions to avoid detectors saturation. Figure 5 shows the results in the form of a log L X /λL λ(9µm) vs. log λL λ(9µm) /λL λ(90µm) diagram (equivalent to a color-color plot). We also include an IR color lower limit for the CT AGN, NGC 4945, resulting from it being saturated in the FIS (∼ 100 Jy). Other CT AGN non-detected at 9 µm are also included as limits. Considering the AGN only, an approximate boundary of log L X /λL λ(9µm) < -0.9 successfully isolates CT AGN, i.e., it has very high (100%) reliability. But only 5/8 of CT sources are below this boundary, which means that it is 56% complete. This boundary can successfully identify CT sources, if a source is known to contain an AGN a priori.
But such a priori information is not available for most surveys, and we see from the figure that starburst galaxies also occupy this region. Starburst galaxies (including the single detection of M82 and virtually all prediction ranges) are all concentrated below the line of log L X /λL λ(9µm) ∼ −2.5. For each source, a vertical line connects the expected range of values based upon the non-thermal model for the X-ray emission (higher horizontal bar) and the thermal model (lower horizontal bar). This shows that the hard X-ray emission from starburst galaxies is expected to be less than ∼ 10 −3 of the mid-IR emission from AGN.
The abscissa, log λL λ(9µm) /λL λ(90µm) , shows the ratio of hot-to-cool dust. Starburst galaxies are largely separated on the abscissa as well because of cooler dust temperature compared to AGN. We also tested the ratio of 15 other "pure" starburst galaxies listed in Brandl et al. (2006) , and obtained an upper limit of log λL λ(9µm) /λL λ(90µm) ∼ -0.4. The result shows that the far-IR emission from the cool dust is more dominant than the mid-IR emission from hot dust in the local starburst galaxies.
On the other hand, RL AGN are not separated out in this figure. 3C 111 and 3C 273 lie towards the top right region in the plot (again 3C 111 has the largest log L X /L IR ratio), so it might be possible to define some region here, but in general RL AGN and blazars do not occupy any specific region.
In summary, the hard X-ray and IR color-color plot successfully differentiates the composite CT AGN/starburst galaxies, and also distinguishes these from the remaining sources (Sy1, Sy2, LINERs, and RL AGN).
K-corrections in the color-color plane
In order to be useful for general source classification, the regions determined in the previous section must be shown to accommodate the effect of SED K-corrections at higher redshifts. We checked this by applying Kcorrection for template SEDs of Seyferts, CT AGN, and starburst galaxies separately. For Seyferts, we use the high-luminosity starburst model spectrum (L = 10 13 L ⊙ ) by Lagache et al. (2003) . For CT AGN and starburst galaxies, we use the Seyfert 2 and M82 model spectra, respectively, by Polletta et al. (2007) . We show the color tracks on the plane of Figure 5 when the redshift is varied from z = 0.0 to 4.0. We assumed a color-color position of (0, 0) for the local origin of the K-correction locus for Seyferts. Similarly, the loci of CT AGN and starburst galaxies start at the positions of Circinus Galaxy and M82, respectively. The plotted loci show that our diagnostic regions are independent of source redshift.
With current and upcoming hard X-ray missions of continually improving sensitivity (e.g., INTEGRAL, Swift, NuSTAR, eROSITA, and ASTRO-H), and similar increases in sensitivity expected in the IR (e.g., WISE and SPICA), our work investigates the degree to which blind IR/X-ray surveys can be used for classification and separation of AGN and starburst galaxies, using directly observed photometric properties without the requirement of detailed spectroscopy or source modeling. For instance, changing from the Swift/BAT 14-195 keV and AKARI 9 µm bands to the NuSTAR 6-79 keV and WISE 12 µm bands, respectively, the maximal shift in the ordinates of the color-color plane is only ∼20% towards lower L X , for a Seyfert SED at z ∼ 4.
CONCLUSIONS
We have combined two complete, flux-limited all-sky surveys, AKARI and Swift/BAT, in order to study the connection between the IR and hard X-ray (> 10 keV) bands for AGN. We found a good linear correlation between the logarithms of the observed mid-IR and hard X-ray luminosities over four orders of magnitude. Under the AGN orientation-based unification scheme, this result may be viewed as supporting clumpy torus models, although the broad-band correlation alone cannot prove the underlying emission mechanism for the IR and hard X-ray bands. We also found that all the RL AGN follow a good linear correlation, suggesting that their dominant hard X-ray and IR emission processes are similar to those of radio-quiet sources. Coincidentally, blazars also possess a near 1:1 intrinsic correlation between the two bands, which is due to the fact that the synchrotron and inverse Compton powers match each other well along the blazar sequence. We present quantitative correlation statistics and show that artificial redshift effects do not dominate the correlation for Seyferts nor for RL AGN. The correlation fits are a useful empirical tool for observers. Most CT AGN show a large deficit in their ob-served X-ray powers compared to unobscured AGN. This is expected because their observed fluxes are diminished by high gas column densities, even in the hard X-ray band.
We investigated hard X-ray and IR photometric diagnostics for source classification. We could isolate type 1 RL AGN and blazars by using absolute magnitude vs. color diagram such as log L X vs. λL λ(9µm) /λL λ(90µm) . Using approximate boundaries of log L X > 44.3 and λL λ(9µm) /λL λ(90µm) > 1, we found that all type 1 RL AGN and blazars lie in this region with a reliability of 88%. The optical Seyferts classification is related to the 9 vs. 90 µm infrared flux ratio with type 2 sources showing a lower ratio than type 1. We discussed biases resulting from our flux limited selection and the absence of rare populations such as type 2 quasars in the present, local sample.
We also found that the color-color plot of log L X /λL λ(9µm) vs. log λL λ(9µm) /λL λ(90µm) is able to distinguish starburst galaxies and composite CT sources from other normal AGN. We defined several boundaries, which can be used for reliable and complete source classification. CT AGN are successfully isolated by the approximate boundary of log L X /λL λ(9µm) < -0.9 with very high (100%) reliability amongst AGN, but completeness of 56%. Starburst galaxies are isolated in a region with approximate boundary of log L X /L λ(9µm) < −2.5 and log λL λ(9µm) /λL λ(90µm) < −0.4 and very high (100%) reliability.
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References. -Color-color plot of log L X /λL 9µm vs. log λL 9µm /λL 90µm for 89 AGN including 9 Compton-thick (CT) sources and 7 starburst galaxies detected by AKARI. Color symbols in the plots are radio-loud AGN and blazars. Gray symbols are radio-quiet AGN. Magenta character "C" indicates Compton thick sources. Open purple stars show starburst galaxies in Table 5 , and indicate the estimated hard X-ray (14-195 keV) flux ranges by using the non-thermal (higher bar) and thermal model (lower bar). The dotted line at log L X /λL 9µm ∼ -0.9 shows an approximate boundary between normal AGN and CT sources. The dashed line at log L X /λL 9µm ∼ −2.5 shows the boundary below which only starburst galaxies are present. The solid lines show how the sources move on the color-color plots when the redshift is changed from 0.0 to 4.0. The lines are calculated for three types of galaxies, a Seyfert galaxy located at (0, 0), Circinus galaxy as a CT AGN, and M82 as a starburst galaxy. The solid and dot-dashed lines for M82 correspond to the different model (non-thermal and thermal, respectively).
